Background. Easy-to-collect dietary indicators have been used increasingly for planning and evaluation of food security interventions. Various indicators have been employed, but rarely has a full set of indicators been compared using a common framework.
Introduction
Household food security is not only a key determinant of nutritional outcomes of individuals [1] , but it is also an important dimension of well-being in its own right [2] . Accordingly, a substantial share of development and relief effort is dedicated to ensuring household food security. For those involved in monitoring the food security status of households, having access to timely and accurate information is of crucial importance; such information is critical when it comes to planning, monitoring, and evaluating food security and food aid interventions.
One useful measure of a household's access to food is the energy available in their household food supplies [2] [3] [4] . Specifically, we refer to an energy intake ratio, defined as the sum of the food energy consumed by household members divided by their needs. This indicator is especially useful for development and relief efforts that seek to describe subpopulations in which overall quantities of food consumption are inadequate.
Despite its conceptual simplicity and appeal, the data collection and processing requirements needed to accurately measure and calculate intake ratios for household energy, or other nutrients, are substantial. This has led to an expansion of research on simple indicators that act as proxies for dietary status. Most of the recent literature on dietary proxies has focused on dietary diversity, measured with a simple count of either the number of different food items [5] or the number of different food groups consumed. Analyses of these indicators have been conducted with data from Mali [6, 7] , Burkina Faso [8] , and various other countries in Africa, Asia, and Latin America [2, 9] . Ruel and Menon have included dietary diversity in an index to assess child feeding in Latin America [10] , as have Onyango et al. in Kenya [11] . In these studies, dietary diversity proxies have been correlated not only with the quality of individual diets, but also with nutritional outcomes measured by anthropometry and with food security outcomes, such as household expenditures and household energy availability. Proxy indicators using more sophisticated scoring systems have also been explored recently [12, 13] , though much less frequently than the indicators based on simple counts.
International agencies operating in the field have relied increasingly on these simple indicators to plan their interventions and thus need insights into which of these performs best. However, there has been very little research evaluating the comparative performance of these indicators. Although some studies of dietary diversity have compared the food item and food group indicators [2, 6] , most dietary indicator studies have focused on the relevance of one particular tool. None have compared the performance of all of the indicators described above. Also, none have addressed the ability of these indicators to detect intracountry differences in vulnerability. In this paper, we address these gaps in the literature by testing a broad range of indicators within a common framework and using a common dataset. We develop five indicators with data from a detailed 24-hour recall instrument conducted in seven provinces in Mozambique. The indicators all reflect 1 day of household consumption and are based on data that are relatively easy to collect with the use of simple instruments in the field.
Methods

Study sample
Data for our secondary analysis come from a household survey conducted in March and April 2004 in Mozambique, known as the Current Vulnerability Analysis in Seven Provinces of Mozambique (in Portuguese, Analise de Vulnerabilidade Corrente nas Sete Provincias de Moçambique). The survey, which is conducted annually, was administered by a multisectorial vulnerability analysis group headed by Mozambique's Technical Secretariat for Food Security and Nutrition [14] . The survey was conducted in 42 rural districts in seven provinces: Maputo, Gaza, Inhambane, Manica, Sofala, Tete, and Zambézia. To adequately represent the diversity of agroecologic zones and household livelihood strategies, four of these provinces were further divided into two areas for sampling: North and South Gaza, East and West Tete, Interior and Coastal Inhambane, and Interior and Coastal Zambézia. Thus, the resulting sample was composed of 11 subprovinces. A two-stage sample design was employed so that every household in the entire area would have an equal probability of selection. The original study interviewed 4,950 households. Our analytic sample of households, with complete information on variables used in this study, contains 4,358 households. Additional details regarding sampling procedures have been published previously [14] . This research is considered exempt from human subjects review, since it consists of a secondary analysis of previously collected public data in which subjects cannot be identified [15] .
Dietary assessment
The survey was fielded by 22 three-person teams of experienced, well-trained interviewers, led by a supervisor for each team. A quantitative 24-hour dietary recall was conducted with the individual responsible for household food preparation, usually the adult female head of household. Detailed information was collected on all foods consumed in the previous day by all household members, including the source of the food, the quantity, and the unit in which it was measured. The interviewers also collected information on the age and sex of all household members, principal sources of income, household possessions, and various other standard components of vulnerability assessment surveys.
The energy content of overall household consumption was obtained by converting quantities of foods consumed to calories with the use of standard food composition tables for Mozambique and Africa [16, 17] . In order to take into account differences in household size and composition, an energy intake ratio (EIR) was calculated for each household. The EIR is a quotient of household energy intake divided by a sum of the recommended energy allowances for all household members. Energy allowances were based on reference weight data for Mozambique [18] and assumed moderate to heavy energy expenditures typical of rural populations in developing countries [13, 19] . Households with an EIR less than 0.75 were considered to have a low energy intake. While recognizing the problems with simple cutoffs in the assessment of dietary status [20] , we find them useful for categorizing groups of households, especially for the purpose of comparing the performance of proxy indicators. The cutoff chosen here is also useful for comparisons with other literature on this topic [6, 13] .
Dietary indicators
We developed and compared dietary indicators that rely on simple data collection methods, are typically used in emergency assessments, and have correlated well with dietary intakes from previous studies [2, 6, 9, 12, 13] . We tested five indicators: a simple count of the number of meals consumed by the household in the previous day (M), a simple count of the number of different food groups consumed (FG), a simple count of the number of different food items consumed (FI), a score developed by weighting the number of food groups consumed according to the relative energy density of the group (FG-W), and a predicted energy intake ratio derived from weighting the number of food groups consumed with previously estimated regression coefficients (FG-RC).
For the food group count (FG), we divided all food items recorded in the survey into nine groups: grains, tubers, beans, animal products, nuts and seeds, fruits and vegetables, sugars, oils, and other foods. The weighted food group score (FG-W) was originally developed in Zambia [21] and applied to the Mozambican context by the Mozambican Ministry of Health [12] . This tool, which has been used in various Mozambican vulnerability assessments, is based on a scoring system that assigns different points to different food groups based mostly on the nutrient density of the food item. The scores were assigned as follows: four points to meats and other animal protein foods, three to legumes, two to cereals, and one to fruits, vegetables, and other foods [12] . Points were assigned to food groups for every meal in which they were consumed. Thus, in theory, a household could receive 10 points (4 + 3 + 2 + 1) at each mealtime, or a maximum of 30 points for the day. In practice, the rural Mozambican diet is much more monotonous and includes few animal products. Unlike a simple count of food groups, this scoring system incorporates quantitative information on nutrient intake from both the weighting scheme and the information on times per day consumed.
The predicted energy intake ratio (FG-RC) also takes into account the number of food groups consumed and their frequency of consumption during the day, as well as household size, expressed in adult equivalent units. (Adult equivalence is a common technique in consumption analysis for expressing household size in units that are related to nutritional needs, thereby avoiding the problem of a simple count of members, in which an infant is weighted the same as an adult. Each household member is counted as a fraction of an adult, which is given by the ratio of his or her recommended energy allowance divided by that of an adult male.) All of this information is entered into an energy intake prediction model that was estimated previously using regression techniques on household dietary data from Mozambique [13] . The prediction model contains regression coefficients for the same nine food groups described in the simple FG indicator, as well as one for household size and an intercept. This equation is given by where ngrains is the number of times in the previous day that grains were consumed, other food group variables are defined similarly, and coefficients are taken from the original model [13] . Because the original model estimation was done on a dependent variable in logarithmic form, the sum within the brackets in the above equation needs to be exponentiated before deriving a predicted value of the energy intake ratio. Note that both the FG-W and the FG-RC indicators rely on simple data collection tools (i.e., a qualitative 24-hour recall on food groups consumed) but require computerdriven data processing for their calculation. Although the above calculation may seem complex, it can be easily programmed into a computer spreadsheet.
Statistical methods
There are a number of criteria that can be used to assess the usefulness of indicators; we used five different ones to rank the indicators described above. First, we used a simple measure of correlation, the Pearson correlation coefficient, to assess the relationship between the main variable of interest (the household energy intake ratio) and each of the indicators.
Perhaps the most useful criterion for evaluating indicators is the area under the receiver operator characteristic (ROC) curve. The ROC curve is formed by plotting the sensitivity and specificity values at each threshold level of an indicator. The area under this curve is larger for indicators with better predictive capability, with 1 being the maximum value [22, 23] . Because the ROC area is a cumulative evaluation of the indicator at all possible thresholds, the results of this test are not dependent on the choice of a specific threshold, nor do they depend on the prevalence of a problem in the sample used for evaluation.
Many authors have considered sensitivity as well as specificity in the evaluation of indicators [6, 12, 24, 25] . Sensitivity is the percentage of individuals or households with an illness or problem (e.g., low energy intake) that are correctly identified by an indicator (true positives), whereas specificity measures the percentage that do not have the problem that are correctly identified (true negatives). Calculation of sensitivity and specificity requires the specification of thresholds, or cutoff values of an indicator. The two are inversely related; changing the threshold of an indicator can improve the sensitivity, but the specificity will worsen (and vice versa). We prefer to evaluate the efficiency of an indicator, which combines information on both sensitivity and specificity. Efficiency is the percentage of all households that are correctly classified [22] . For threshold-dependent criteria, we tested all possible cutoffs for sensitivity, specificity, and efficiency and selected the cutoff with the highest level of efficiency for further analysis and reporting of results.
For each indicator, we also calculated the predicted prevalence of low energy intake in the entire study area and compared this with our best estimate of prevalence. This best estimate, which we refer to as our gold standard, is based on the full quantitative measurement of dietary intake based on the detailed dietary recall (see Dietary Assessment, above). Prevalence estimates for each indicator were calculated with the use of the threshold that yielded the highest efficiency. The prevalence of low intakes for a given indicator was then calculated as the percentage of observations falling below this threshold.
Finally, we estimated the prevalence of low intakes for each of the 11 subprovinces in the study area for each of the indicators and the gold standard. For each indicator, we assessed how many of the 11 predicted prevalences were within 10 percentage points of the gold standard and how many were within 20 percentage points. Because food aid is often targeted to local areas, not just entire nations, we considered it necessary to test the performance of these indicators at the subprovincial level.
All data analyses for this paper were conducted with SPSS. One-way analysis of variance was used to determine differences in indicators with a type I error rate of 0.05.
Results
The basic descriptive characteristics of the sample are shown in table 1. The mean overall household size for the 11 subprovinces was 5.8, ranging from 4.5 in Coastal Zambézia to 7.4 in West Gaza. We found notable differences among provinces in the proportion of female-headed households: West Tete had the lowest prevalence (13.6%), whereas East Gaza had the highest (46.9%). The average prevalence of households headed by an elderly person was 4.5%, ranging from 1.6% in Manica to 10% in Interior Zambézia. Agriculture was found to be a predominant source of income for a large proportion (80%) of the households surveyed across all subprovinces (data not shown). However, in rural Maputo, the province that contains the capital city, other activities, including formal employment, were also important sources of income. The mean daily energy intake per adult equivalent person was estimated at 2,568 kcal, but this varied substantially across areas, ranging from 2,317 kcal in Interior Inhambane to 3,225 in Interior Zambézia. Table 2 presents a summary description of the five dietary indicators developed in this study, as well as the main outcome variable used for comparison, the household energy intake ratio, which we refer to as our gold standard. On average, the household energy intake ratio was 0.897, whereas the mean of the predicted energy intake ratio was 0.860. The mean daily numbers of meals, food groups, and food items consumed were 2.3, 3.2, and 3.8, respectively. The average weighted food group score (FG-W) was 10.
Comparison of mean values of proxy indicators according to energy intake level showed significantly lower scores (p < .01) for households with low intakes (< 75% of recommended energy intake) than for those who had higher consumption (≥ 75% of recommended intake) (table 3) . For instance, the mean number of meals eaten by household members in the previous 24 hours was 2.1 among households with low energy intakes versus 2.4 among those with higher intakes. In addition, households with low energy intakes consumed, on average, 2.9 food groups and 3.4 food items, versus 3.4 food groups and 4.2 food items among those with higher intakes. The weighted food group score (FG-W) was also lower among households with low energy intakes (8.5 vs. 11.2). Similarly, the predicted energy intake ratio (FG-RC) was much lower in the first group than the second (0.714 vs. 0.986). Figure 1 , which displays the mean energy intake ratio according to level of proxy indicator, illustrates the positive relationship between the gold standard and each of the proxies. We compared proxy indicators using various measures of association and performance (table 4). a. The energy intake ratio is the total household energy intake divided by the sum of the recommended energy allowances for all household members. b. p < .001 for significant difference in mean value from households with an energy intake ratio < 0.75. Using a simple correlation coefficient, we found that all the tools tested were significantly (p < .01) correlated with the gold standard, the energy intake ratio derived from the full quantitative 24-hour recall of household consumption. The strongest correlation was with the predicted energy intake ratio (r = 0.277), whereas the weakest was with the simple count of food groups consumed (r = 0.240). The area under the curve derived from the ROC analysis varied significantly (p < .05) among indicators, although the differences were not large in absolute terms. The FG-RC indicator had the highest value (0.676), significantly greater than the ROC areas for the FG, FI, and M proxies. Although FG had the highest sensitivity, it had the lowest specificity. The highest efficiency-which we find more useful since it combines information on both sensitivity and specificity-was obtained by the FG-RC indicator (62.8%), followed by the FG-W indicator FIG. 1. Mean energy intake ratio by various levels of the different proxy indicators. The vertical axes in these graphs represents household energy intake expressed as a percentage of recommended allowances. Bands around the mean value represent a 95% confidence interval. (62.6%). Differences between indicators on the efficiency criteria were relatively small; the lowest efficiency score (based on M) was only 3.3 percentage points lower than the highest efficiency score. Comparison of the prevalence of inadequate energy intake between proxy indicators and the gold standard at the national level showed that FG-RC and FG-W provided the closest estimates, with only a 4.3 and 4.4 percentage point difference, respectively. However, the prevalence rates of inadequacy based on M and FG were quite different from those based on the gold standard, with differences of 13 and 20 percentage points, respectively. Subprovincial prevalence estimates were also calculated using each proxy and compared with the gold standard. The FG-RC performed best; 6 of the 11 subprovincial prevalence estimates were within 10 percentage points of the gold standard prevalence. Because efficiency scores were calculated at a national level and subprovincial prevalence rates were calculated over more narrowly defined areas, one would not expect rankings of the indicators to be the same for both criteria. Nonetheless, there is a relatively decent correspondence, as the three best indicators on efficiency (FG-RC, FG-W, and FI) also had the highest number of subprovincial prevalence rates within 10 percentage points of the gold standard.
Discussion
There is a significant and growing literature on the use of simple indicators that proxy for dietary status. A number of indicators have been tested in disparate studies. The main objective of this paper was to compare the performance of these diverse indicators within a common analytic framework and using a common dataset. Using a recent household vulnerability assessment survey from Mozambique, our results show that the regression-based indicator (FG-RC) performed the best on all key criteria, including the highest correlation with the gold standard, the largest area under the ROC curve, the highest efficiency of prediction, the closest prediction of the overall prevalence of low intakes, and the greatest number of close predictions when prevalence estimates were assessed at the regional level. The second best indicator for all of these criteria was based on a score that used a simple weighting of food groups. Of the three indicators that required collection of data on food a. The gold standard is the energy intake ratio derived from the full quantitative 24-hour recall of household consumption. b. Thresholds were tested for each indicator to optimize its efficiency at detecting a household energy intake ratio below 0.75. The prevalence of low intakes for each indicator at this threshold was then compared with the prevalence of low intakes from the gold standard. This column reports on the percentage point difference in prevalence rates for the entire seven-province area. A negative number means the indicator prevalence rate was higher than the gold standard prevalence rate.
c. The prevalence of low intakes for each indicator was assessed at the subprovincial level. There were 11 subprovinces. The first column reports the number of subprovinces for which these prevalence rates were within 10 percentage points of the gold standard prevalence rate.
group consumption (i.e., FG, FG-W, and FG-RC), the simple count of food groups performed worst on all of these criteria. The count of food items (FI) did only slightly better than the food group indicator, except for the national prevalence estimate, where it performed much better. Our results on the performance of specific indicators on specific criteria are consistent with the previous literature. Hoddinott and Yohannes' 10-country study [2] found that simple correlation coefficients between the number of food items and energy consumption ranged from -0.093 to 0.370 for the pooled withincountry datasets (all statistically significant at p < .01). In our study, the simple correlation between food items and energy consumption was 0.243 (also significant at p < .01). Hoddinott and Yohannes found that correlations between the number of food groups and energy consumption ranged from 0.085 to 0.329, compared with 0.240 in our study. Not only are our estimates squarely in the middle of these ranges, but we see the same pattern in our dataset as in most of the datasets from the 10 countries. That is, correlations with energy consumption were usually stronger for food items than for food groups.
The area under the ROC can be used to assess how well proxies correspond to a gold standard, with 1.0 being the maximum. For indicators based on a simple count of food items, Hoddinott and Yohannes found a range from 0.602 to 0.828 across the 10 countries they studied [2] . For the food item indicator in our study, the area under the ROC was 0.634. This is at the low end of the range for the 10-country study. Most of the datasets from the previous study were based on 7 days of dietary information, whereas our study was based on 1 day of dietary data. In the two countries for which 1-day dietary data were available, Hoddinott and Yohannes found that ROC areas for the simple food count indicator ranged from 0.602 to 0.637 for Bangladesh and the Philippines, respectively [2] . In both of these countries, 7-day data on food item counts revealed higher ROC areas (0.760 and 0.784, respectively). It is no surprise that predictions based on the expanded information available from 7 days of data would be better than for 1 day of data. Our ROC area estimates are completely consistent with the 1-day estimates of Hoddinott and Yohannes.
The efficiency rate, or the overall percentage of correct predictions, can also be used to evaluate the performance of an indicator. The Mali study conducted by Hatløy and coauthors [6] reported sensitivity and specificity rates at various thresholds for the ability of an indicator to detect low dietary quality (defined in their study as a 10-nutrient mean adequacy ratio less than 0.75). Although Hatløy and coauthors did not report efficiency rates for their dietary indicators, we calculated them based on sensitivity, specificity, and prevalence data reported in their article [6] . We cal-culated an efficiency rate of 0.522 for their food item indicator and 0.506 for their food group indicator. In our study, the efficiency rates for the analogous indicators, FI and FG, were 0.603 and 0.599, respectively. We also calculated the efficiency rate of the indicator based on a weighted sum of food groups from the earlier Mozambique study by Rose and coauthors [12] . This rate was 0.686. In our current study, the rate for the analogous indicator, FG-W, was 0.626.
Another previous study in Mozambique evaluated the performance of an indicator based on regression analysis [13] . Predictions of the prevalence of low energy intakes from this indicator ranged from 2 to 5 percentage points higher than the prevalence rates determined from the gold standard, depending on the season under consideration. In our current study, the predicted rate from the analogous indicator (FG-RC) was 4 percentage points higher than the prevalence based on the gold standard.
This brief comparison of our results with those from the previous literature on dietary indicators, using various criteria and developed with data from a broad range of countries, shows that the results for specific indicators obtained in our study are completely consistent with these previous studies. We are unable to compare our ranking of indicators with those of other studies, since no other study provides a comprehensive comparison of the performance of these various indicators. This, indeed, was the motivation for our current work.
There are several limitations to our study. First, we based our analysis on the ability of indicators to distinguish low intakes of energy consumption. We focused on energy, since energy is arguably the most important nutrient for vulnerability assessments that seek to prioritize emergency food aid. However, to the extent that development agencies want to focus on the improvement of long-term nutritional health, it would be necessary to evaluate indicators based on other nutrients of concern, such as vitamin A, iron, or others. Furthermore, it cannot be known with certainty whether a given level of energy consumption is low for a particular individual or household. Problems with the use of cut-points for assessing adequacy of nutrient intakes have been well documented in the nutrition literature [20, 26] . We make no claim that those with intakes below a cutoff of 75% of recommendations necessarily have inadequate intakes. We simply utilized this cutoff as a useful way of categorizing groups of households for purposes of comparative evaluation of indicators.
To check the robustness of our results, we ran all of the analyses using alternative cutoffs for the energy intake ratio, and we found very similar results to those we presented here. For example, the ROC area was highest for the FG-RC indicator and second highest for the FG-W indicator with the use of various energy intake cutoffs ranging from 50% to 100% of recommendations.
Second, we based our gold standard on a detailed quantitative 24-hour dietary recall. Although this was a comprehensive undertaking by the Mozambican Vulnerability Assessment Group-far more than typical for a country-level vulnerability analysis effort-there may be concerns about how representative this was of usual dietary intakes. Moreover, our dietary indicators and gold standard were developed with data from the same instrument, so performance of the indicators reported here is conditioned on measurement errors in the 24-hour recall process. Clearly, more days of information would provide intake distributions that are less dispersed, i.e., are better estimates of usual intake [26, 27] . But, as with many places in Africa, diets are relatively monotonous in rural Mozambique. Useful predictions can be made in this context as long as assessments based on them use similar instruments over time or between countries [13] . In practice, many consumption assessment strategies do focus on just 1 day of data, so our analyses are well suited to their use.
Another potential limitation is that our analyses were based on household consumption data, rather than individual-level nutritional outcomes assessed from anthropometric data. There are, of course, many other factors besides a household's food situation-such as village water supplies, household sanitary conditions, and knowledge and practices-that can affect anthropometric outcomes. Indicators used for comprehensive development strategies might want to take these into account. However, to address concerns about prioritizing food aid, it is entirely appropriate that assessments be focused on the food situation in households.
In summary, our basic finding is that indicators using similar collection instruments but more sophisticated scoring systems, i.e., FG-RC and FG-W, do better on all performance criteria than indicators based on simple counts, i.e., either food items or food groups. This is not surprising, since FG-RC and FG-W use more of the information that is collected in the field. More specifically, these indicators give better predictions of energy intake because they give more weight to the consumption of foods with higher caloric density and less weight to those with lower density. In the field context, there is very little difference among these indicators in the requirements for data collection. Four of the indicators studied here (FI, FG, FG-W, and FG-RC) are based on a qualitative recall of foods consumed over a defined period of time. For all of these, the data collection process must simply keep track of which foods were consumed, not specific amounts. The FG-RC indicator also requires collection of basic data on household composition. Clearly, information processing is simpler for the first two of these indicators, FI and FG, which are based on simple counts. But in practice, any vulnerability survey involves entering data into computers, so processing of information, assuming the existence of minimal computing skills, should not be an issue in the choice of any of these indicators. The FG-RC and FG-W indicators would also require previous analysis to determine regression coefficients or weights. This implies gaining access to, and conducting analysis on, a detailed consumption dataset at least periodically within a given country [13] .
Although our criteria provide us with a clear ranking of the indicators studied here, the differences in actual scores for any of these criteria are relatively small. For example, the efficiency of prediction is 62.8% for the best indicator (FG-RC) and 59.4% for the worst (M). Thus, for purposes of field assessments, our findings suggest that new country-level monitoring systems could benefit by use of the higher-ranked indicators (FG-RC and FG-W), since they provide better predictions at roughly the same cost. However, systems already in place would not suffer greatly by maintaining current indicators, since there are not huge differences among them. An exception is the food group count (FG), which yields an estimated national prevalence of low intakes that is much further from the gold standard than other indicators.
It should also be clear from our work that the predictive ability of these dietary indicators is modest, at best. The efficiency of our best indicator was 63%, and the ROC area was 0.68. Our results at the regional level showed that our best indicators gave a predicted prevalence rate within 10 percentage points of actual rates of low intake in only 6 of 11 subprovinces. These findings suggest that food security analysis to determine targeting of interventions should not rely exclusively on dietary indicators and should continue to include information from other topics, such as market prices of staples, agricultural production, or household livelihood strategies. These findings also suggest that this area could benefit from more research. One promising avenue for future research is the exploration of the predictive ability of combinations of indicators. Another direction for future research would be to expand our initial work on the application of indicators at the subnational level, so that assessments could reliably distinguish among groups in greatest need. Additional research to evaluate indicators across several countries, using multiple observation days and more nutrients, is also needed.
